INTRODUCTION
============

Benign prostatic hyperplasia (BPH), which develops in the transitional zone of the prostate, is the most common benign tumor in men \[[@B1]\]. Although the etiology of BPH is still unclear, research has shown that BPH is a multifactorial endocrine-related disease. Dihydrotestosterone and old age are the most important risk factors for BPH, because the prostate is much more sensitive to androgens in older men \[[@B2]\].

According to the most trustworthy epidemiologic study regarding BPH prevalence in recent years, in the United States in 2000, BPH was the main reason for 4.4 million references to clinics, 117,000 visits to the Emergency Department, and 105,000 admissions in hospitals \[[@B3]\]. Pathologic study of autopsy samples has revealed histological signs of BPH in 42% of men within the age range of 51 to 60 years, which increases to 85% of men older than 80 years \[[@B4]\]. In studies investigating the association of BPH and waist circumference, it has been observed that obesity may cause BPH owing to endocrine alterations. Obesity can elevate estrogen and lower testosterone levels, which can increase the risk of BPH in obese people \[[@B5]\]. The following disorders have been proposed as BPH risk factors: family history, ethnicity, smoking, diabetes mellitus (DM) type II, hypertension, obesity, high-density lipoprotein cholesterol (HDL), and high insulin levels \[[@B6]\].

Lower urinary tract symptoms, which may be related to prostatic diseases such as BPH, are common in men of different ethnicities and demographic characteristics \[[@B7]\]. Epidemiologic, histopathological, molecular pathological, and clinical trials have recently showed that metabolic syndrome (MetS) and its components may play roles in the pathogenesis of BPH and prostate cancer \[[@B8]\].

MetS is a multifactorial disease that has been known by various names such as insulin-resistance syndrome, plurimetabolic syndrome, and deadly quartet and that has a high prevalence worldwide \[[@B9]\]. The clinical manifestations of MetS include obesity, low HDL, high blood pressure, high fasting blood sugar (FBS), high triglyceride (TG), and insulin resistance, which may further cause more severe disorders including hyperinsulinemia and glucose metabolism disorders.

Three studies in India have shown that the prevalence of MetS was 13% in Jaipur and 11.2% to 41% in Chennai \[[@B10]\]. It has been reported that age had a significant correlation with MetS prevalence and that 43.5% of people between the ages of 60 and 69 years are afflicted with it \[[@B11]\]. This disorder is more prevalent in adults and 25% of the United States adult population has MetS \[[@B12]\]. This number is lower in South Korea, where 14.2% of men and 17.7% of women are afflicted \[[@B13]\]. In recent years, some have investigated the associations between MetS components, anthropometric measurements, volume of the prostate, lower urinary tract symptoms, and BPH \[[@B14],[@B15],[@B16]\].

The Tehran Lipid and Glucose Study showed that MetS prevalence in 3- to 9-year-old Iranian children was 0.9%. The prevalence of MetS in overweight, moderately overweight, and normal-weight children was 8.9%, 0.8%, and 0.1%, respectively \[[@B17]\]. Another Iranian study showed that MetS prevalence was 32.1%, and that its prevalence among women was significantly higher than among men. That study also showed that MetS prevalence had an ascending pattern with increasing age and body mass index (BMI) \[[@B18]\].

On the basis of these previous studies demonstrating the association between MetS and BPH and the importance of MetS on BPH prognosis and cure rate, we decided to compare BPH clinical progression in patients with BPH and MetS who were candidates for medical treatment and in those without MetS. Differences observed between the clinical response and progression of these two groups would help to use MetS or its components as prognostic factors in predicting the outcome of BPH medical treatment.

MATERIALS AND METHODS
=====================

1. Target population
--------------------

In this cohort study, patients with moderate symptoms of BPH who were chosen for medical treatment in Vali Asr Hospital and Urologic Clinics in Arak (located in the central part of Iran) were enrolled. On the basis of their medical history, physical examination, anthropometric measurements, and laboratory data, the patients were divided into two groups: patients with and those without MetS. The estimated sample size was 99 based on α=0.05, power=0.80, standard deviation (SD)=5, and 2.85 units of difference in International Prostate Symptom Score (IPSS) as clinically significant by comparing two means formula. On the basis of previous estimations, we expected to see almost one-half of the population with MetS; hence, the samples were selected by the convenience method.

2. Data collection
------------------

All details and the purpose of the project were completely explained to all patients and signed informed consent was obtained. A comprehensive medical history including general health status, past history, drug history, signs and symptoms, and underlying diseases was taken.

IPSS, waist circumference, and blood pressure were documented for all patients. Laboratory assessments included complete blood count, blood urea nitrogen, creatinine, FBS, TG, cholesterol, HDL, low-density lipoprotein cholesterol (LDL), urine analysis, urine culture, and prostate-specific antigen (PSA). Sonograms of the urinary system and prostate and digital rectal examinations were also performed. On the basis of these findings, patients with an IPSS of 8 to 19 who did not have secondary complications of BPH became candidates for medical treatment and were treated under observation of urologists in a 3-month period with an alpha-blocker (prazosin 1 mg twice a day) and finasteride 5 mg (daily), which is routine treatment for BPH patients. All cases were visited by urologists monthly and were evaluated again for the response to treatment and IPSS after 3 months. Missed or excluded patients were replaced with similar ones.

3. Measurements
---------------

Because the World Health Organization (WHO) criteria for the diagnosis of MetS include urinary microalbumin in addition to the International Diabetes Federation and Adult Treatment Panel III criteria, we decided to use these more comprehensive criteria for MetS. According to the WHO, patients with 3 of the following findings have MetS: blood pressure≥140/90 mmHg, TG≥150 mg/dL, HDL\<35 mg/dL, waist circumference\>90 cm, FBS≥100 mg/dL, and microalbumin≥20 µg/min.

Regarding clinical progression of BPH before and after treatment, IPSS and lower urinary tract symptoms were used as follows: incomplete emptying or postvoiding residue (PVR), frequency, intermittency, urgency, weak stream, straining, nocturia, and hesitancy. We subdivided the IPSS into the obstructive score (sum of PVR, intermittency, weak stream, and straining=0-20) and the irritative score (sum of frequency, urgency, and nocturia=0-15) to evaluate obstructive and irritative symptoms separately.

The levels of TG, FBS, HDL, and microalbumin were measured by enzyme assays. The PSA level was measured by enzyme-linked immunosorbent assay with an immuno-enzymatic kit. The volume of the prostate was measured on the basis of the ellipsoid formula (height×length×width×π/6) \[[@B19]\].

The patients were repeatedly visited on a monthly basis, evaluating clinical progression, medication compliance, and complications. The IPSS was documented again by urologists after 3 months. After enrolling 100 patients, statistical analysis was performed. The urologists were completely unaware of the MetS status of the patients.

4. Inclusion and exclusion criteria
-----------------------------------

Inclusion criteria were as follows: IPSS of 8 to 19; no secondary complications of BPH, including hydronephrosis, azotemia, urinary infection, hematuria, or bladder stone; obvious DM (FBS≥126 mg/dL); no signs or symptoms of neurogenic bladder, including low anal tonus, paresthesia, low force or disorder in lower limb reflexes, and no previous history of neurologic disorders; no chronic use of anticholinergics, diuretics, or psychotropic drugs; no history of urethritis or urethral stenosis; and no obvious proteinuria.

Exclusion criteria were as follows: dispensing with the study by the patient, stopping the medical treatment by the patient for any reason, nonresponders to medical treatment or occurrence of secondary complications of BPH during treatment, short-term weight changes, and appearance of severe hypertriglyceridemia or overt DM.

5. Statistical analysis and ethics
----------------------------------

In the descriptive analysis, we used means and SDs for quantitative variables and frequency for ordinal and categorical variables. In the inferential analysis, for comparison of deterministic factors of MetS in patients, we used relative risk and 95% confidence interval. For comparison of BPH indices in patients with and without MetS before and after treatment, we used multivariate analysis of covariance for eliminating the confounder effect of other variables while assessing all related symptoms of BPH at once (the word multivariate is used for this aim).

In this study, the principles of the Helsinki Declaration were followed.

RESULTS
=======

Of the 100 enrolled patients, 47 had MetS and 53 were without MetS ([Fig. 1](#F1){ref-type="fig"}). The patients\' mean±SD age was 62.5±9.6 years. Mean PSA and mean prostate volume were 1.8±1.4 ng/mL and 51.4±2.7 mL, respectively. Regarding the PSA level, the difference between patients with and without MetS was not statistically significant (p=0.348), whereas the mean volume of the prostate was significantly higher in MetS patients (57±32.65 mL compared with 46.00±20.19 mL, p=0.036). The components of MetS in patients with and without this syndrome are compared in [Table 1](#T1){ref-type="table"}. As shown in the table, for all components (except for systolic and diastolic blood pressure), there were significant differences between patients with MetS and those without MetS, which indicates that the patients\' categorization before treatment was acceptable.

As shown in [Table 2](#T2){ref-type="table"}, the IPSS and its components in patients with and without MetS showed no significant differences (except for PVR) before treatment. However, the differences became statistically significant after treatment. The decrease in IPSS components was much less in patients with MetS than in patients without MetS. Whereas the control group demonstrated an 11-unit reduction in IPSS, those with MetS had only a 6-unit reduction in the symptom score (p\<0.001). This finding denotes that MetS negatively affected the clinical response of BPH to medical treatment. Prostate volume did not have a significant effect on any BPH signs or symptoms except for the IPSS total score before treatment (p=0.042). After control for prostate volume and age, neither BPH signs and symptoms nor IPSS differed significantly between cases with MetS and those without MetS before treatment.

Prostate volume had a significant effect on nocturia (p=0.001), irritative score (p=0.003), and IPSS (p=0.001) after treatment. After control for prostate volume and age, IPSS (p\<0.001) and all BPH signs and symptoms (except frequency) were significantly different between cases with and without MetS after treatment: irritative score (p=0.006), obstructive score (p\<0.001), PVR (p\<0.001), intermittency (p\<0.001), urgency (p=0.003), force (p=0.023), hesitancy (p=0.033), and nocturia (p\<0.001).

Regarding the components of MetS separately, the levels of TG (p\<0.001), FBS (p=0.001), and waist circumference (p=0.028) significantly affected the clinical progression of BPH, whereas microalbumin (p=0.088), systolic blood pressure (p=0.143), diastolic blood pressure (p=0.435), and HDL (p=0.833) showed no significant impact.

DISCUSSION
==========

This study showed that MetS could negatively affect the response to medical treatment of BPH. As expected, the frequency of MetS in our sample population was high (47%). Among the IPSS components, the most affected symptoms were PVR, intermittency, nocturia, and total obstructive symptoms. In other words, in patients with BPH who also had MetS, medical treatment had no effect on these symptoms. A UK study by Kupelian et al. \[[@B15]\] showed that the presence of MetS worsened the symptoms of BPH, including PVR, intermittency, decreased force, and hesitancy, and the overall response to treatment was poor. These results imply that MetS worsens the obstructive symptoms of BPH and also impedes the reduction in symptoms after routine treatment.

The results of our study showed that the PSA level was not significantly different between MetS patients and patients without MetS. However, a study in South Korea showed that there was a negative and significant correlation between the presence of MetS and the PSA level in healthy men without BPH. Similar results were reported by Jeong et al. \[[@B20]\] and Parekh et al. \[[@B21]\]. In a study by Park et al. \[[@B22]\] on healthy police officers, after adjustment for age and testosterone level, no significant correlation was shown between MetS and BPH, considering volume of the prostate and prostate involvement symptoms.

All these investigations were on healthy and young to middle-aged men. Because the PSA level has a strong correlation with the base testosterone level, any comments on the association between MetS and PSA are affected by confounding factors, and adjustments for age and testosterone level are necessary in future studies.

In our patients, prostate volume differed significantly between patients with and without MetS. After omitting the confounding effect of volume size, medication was more effective in cases without MetS. This result suggests that the effect of prazosin and finasteride is more significant in cases without MetS irrespective of prostate volume. Such an effect cannot be attributed to primary prostate volume. The results of a study in South Korea also showed that the volume of the prostate was significantly higher in MetS patients than in those without MetS. However, the PSA level did not differ significantly between these groups and the correlation between prostate volume and BMI was much stronger than for other components in MetS \[[@B23]\]. Another study in South Korea by Koo et al. \[[@B24]\] also reported similar results. All these studies imply the importance of MetS in increased prostate volume and its consequences.

Among the MetS components, TG showed the strongest correlation with disease severity and impediment in BPH medical treatment. Some previous studies have demonstrated that increased TG is one of the most important components of MetS and could affect the prognosis of BPH \[[@B4],[@B9],[@B25]\]. Furthermore, hypertriglyceridemia has also been implicated as a predisposing factor in prostate cancer \[[@B26]\]. It seems that educating patients about the risks associated with hypertriglyceridemia and recommendations for avoidance of saturated fats and weight reduction can enhance the chances of success in BPH treatment.

This study showed that among MetS components, increased FBS also correlated with disease severity and lower response in BPH treatment. Previous studies including those by Ozden et al. \[[@B4]\] in Turkey and Rohrmann et al. \[[@B14]\] in the United States have reported similar results. Some have claimed that hyperglycemia has a positive correlation with prostate volume \[[@B6],[@B25],[@B27]\]. It could be concluded that high FBS and DM are negative prognostic factors in the clinical progression of BPH.

This study showed that waist circumference has a statistically significant impact on BPH treatment. Parsons et al. \[[@B5]\] in the United States showed that there is a positive correlation between obesity and the occurrence of BPH. Moreover, Laukkanen et al. \[[@B28]\] in Finland showed that gaining weight and obesity have a significant correlation with prostate cancer. These results confirm the important role of obesity in benign or malignant tumors of the prostate. Consequently, applying modifications such as weight reduction and maintaining the FBS level within the normal range can increase the chance of success in the medical treatment of BPH. Executing comprehensive national programs including educational panels, prevention of obesity in society, and DM treatment can be effective in this field.

In this study, although the correlation between high blood pressure and BPH was positive, it was not statistically significant (p=0.08). Rohrmann et al. \[[@B14]\] showed that there was a positive correlation between hypertension and lower urinary tract symptoms. On the other hand, Martin et al. \[[@B26]\] in Norway stated that among the MetS components, only high blood pressure had a significant correlation with the mortality of prostate cancer. Wallner et al. \[[@B12]\] corroborated the results about the relationship of high blood pressure with prostate cancer. Although the correlation of hypertension and BPH has rarely been mentioned in previous articles, multiple studies introduced high blood pressure as one of the risk factors in prostate cancer.

This study showed that HDL had no impact on response to treatment. Some studies reported a strong correlation between LDL and the occurrence of BPH \[[@B3],[@B25]\]. These results could corroborate the theory claiming that cardiovascular disease risk factors may play a role in the pathogenesis and commencement of BPH and prostate cancer.

Our data revealed that microalbuminuria was not statistically related to the reduction of symptoms, but with a p-value of 0.08, a larger sample size might have proved it to be a prognostic factor.

Considering the prognosis of response to medical treatment or the need for invasive therapies, we should not discount factors other than MetS, and more comprehensive studies are needed. For MetS, other standard criteria such as the National Cholesterol Education Program\'s Third Adult Treatment Panel or the European Group for the Study of Insulin Resistance \[[@B29],[@B30]\] can be used. However, with the relative correlation of urinary microalbumin and response rate that we found, the WHO criteria seem to be more suitable for future studies. Regarding the mediocre sample size and short-term follow-up of this study, larger controlled trials with long-term follow-up for the rate of secondary complications and the need for surgery are recommended.

The type of analysis in the present study is completely new. None of the previous studies have considered all BPH symptoms at once by use of multivariate analysis of covariance. Similarly, none of them omitted the confounder effect of prostate volume, albeit some of them due to the nonsignificant difference in prostate volume between cases with and without MetS.

CONCLUSIONS
===========

This study showed that MetS could negatively affect the response to medical treatment of BPH. Therefore, it is necessary to consider MetS in selecting patients with BPH for drug therapy.

We appreciate all the patients who participated in this study and the hospital staff who cooperated with us in many administrative issues.
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Components of metabolic syndrome in patients with (MetS^+^) and without (MetS^-^) metabolic syndrome before treatment
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RR, relative risk; CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglyceride; HDL, high-density lipoprotein; FBS, fasting blood sugar.
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MANCOVA results (multivariate and univariate significant differences) comparing symptoms of BPH patients with (MetS^+^) and without (MetS^-^) metabolic syndrome before and after treatment
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MANCOVA, multivariate analysis of covariance; BPH, benign prostatic hyperplasia; SD, standard deviation; IPSS, International Prostate Symptom Score; PVR, postvoiding residue.
